FUNAKOSHI, A., NAKANO, I. and MIYAZAKI, K. Vasoactive Intestinal Polypeptide Stimulates Cholecystokinin Secretion in Perfused Rat Duodenum. Tohoku J. Exp. Med., 1989, 157 (1), [55] [56] [57] [58] [59] We examined the effect of vasoactive intestinal polypeptide (VIP) on cholecystokinin (CCK) secretion from the isolated perfused rat duodenum. VIP stimulated CCK secretion mono-phasically in a concentration-dependent manner in concentrations ranging from 10-9 to 10-' M, and 10-' M of VIP led to an increment of 82 + 25.8 fmole/3 min. The stimulatory effect of VIP on CCK was not inhibited by 10-5 M atropine. These results suggest that VIP may directly stimulate CCK secretion from the duodenum and work as a non-cholinergic, peptidergic neurotransmitter.
CCK ; VIP ; duodenum Cholecystokinin (CCK) is a potent secretagogue of pancreatic exocrine secretion (Harper and Raper 1943) . Although CCK is thought to be mainly released by luminal factors such as amino acids and fats (Himeno et al. 1983 ), the involvement of neural (cholinergic or peptidergic) control on the release of CCK is still unclear. We have reported in a previous study (Nakano et al. 1988 ) that the cholinergic nerve may not regulate CCK secretion from the isolated rat duodenum, and that gastrin-releasing peptide may work as a non-cholinergic, peptidergic neurotransmitter on CCK release.
VIP was originally isolated from the duodenum (Said and Mutt 1970) and distributes widely in the gastrointestinal tract (Fahrenkrug 1979) . VIP is mainly located in nerve cells and considered to be one of the neurotransmitters of peptidergic nerves (Said and Rosenberg 1976; Fahrenkrug et al. 1978) . In an attempt to further elucidate the mechanisms of neural regulation of CCK release, we examined CCK secretion by VIP in an isolated perfused rat duodenum system.
MATERIALS AND METHODS
Wistar strain male rats weighing 300-350 g were used. The duodenum together with pancreas was excised en bloc according to Grodsky et al. (1963) with minor modifications (Nakano et al. 1988 ). The duodenum was perfused with Krebs-Ringer bicarbonate buffer containing 5° dextran T-70, 0.25° BSA and 5.5 mM of glucose equilibrated with 95° 02 and 5% CO2 through the superior mesenteric artery at constant presessures of 80±10 mmHg. The perfusate was collected from the portal vein at a flow rate of 1.5+0.1 ml/min/ tube by use of peristaltic pump (Minipuls 2, Gilson, France). The perfusion media were maintained at pH 7.4, and 37°C. Changes of the perfusion media were accomplished by means of two three-way stopcocks aligned in series. Perfusion with only the buffer without VIP was performed as controls.
After basal perfusion for 20 min, 10-9 to 10-' M VIP was given in the absence or presence 10-5 M atropine for 20 min, then the duodenum was perfused with the buffer for a further 20 min.
CCK in the perfusate was measured by radioimmunoassay (RIA) using '25I-BoltonHunter CCK-33 as tracer, CCK-8 sulfate as standard and antiserum OAL-656. This antiserum reacts with CCK-8 sulfate and CCK-33 equally on a molar basis and shows the 85° cross-reactivity with CCK-39, but not with gastrin 17-I and gastrin 17-II and nonsulfated CCK-8, as reported (Himeno et al. 1983; Funakoshi et al. 1985) . The sensitivity of the assy was 1.3 fmole/tube (equivalent to 6.6 pM) as CCK-8. The intraassay and interassay variations in five different pools containing 8.5-177 pM at mean CCK levels were 10.7-2.1% and 11.8-2.9%, respectively. Samples were stored at -20°C until assay. All samples from one study were run in the same assy. Dilution curve of the perfusate paralleled the standard curve of the assay. VIP was purchased from the Protein Research Foundation (Osaka). All other chemicals were of reagent grade.
The integrated responses were calculated by subtracting mean basal values from total increases in CCK for 3 min after starting infusion with VIP and results were expressed as the mean +s.E. Results were analyzed by Student's t-test and one-way analysis of variance (ANOVA). Differences were considered to be significant at p <0.05.
RESULTS

Perfusion of the isolated rat duodenum with VIP
Time course of CCK secretion after stimulation by 10-' M VIP showed mono-phasic peaks and showed no statistically significant second elevation from the basal level (Fig. 1) . The integrated response of the peak was 82+25.8 fmole/ 3 min (n = 6). As show in the lower panel of Fig. 1 , no significant changes in CCK levels were found after switching to the control solution. Thus the possibility that the increase of CCK level as observed during the perfusion of the duodenum with 10~' M VIP was ruled out. The integrated response of CCK secretion produced by 10-~ M VIP in the presence 10-5 M atropine was 88 + 31.5 fmole/3 min (n=5) and the value was not statistically different from that produced by 10-' M VIP in the absence of atropine (Fig. 2) . The integrated response of the peak was 51 ± 13.6 fmole/3 min (n = 4) in case of perfusion with 10-8 M VIP. VIP at the concentration of 10-9 M showed no stimulatory effects on CCK release (Fig. 2) . Thus, VIP stimulated CCK release in a concentrationdependent manner. ANOVA analysis revealed significant differences among 57 responses induced by various doses of VIP (F (2, 12) _ 6.50, p<0.05).
DISCUSSION
In this communication we report for the first time that VIP stimulated CCK secretion from the isolated perfused rat duodenum. It is very difficult to assess the VIP concentration in nerve endings, but 10-~ M VIP may be compatible concentration as a neurotransmitter, when we compared with that of venous concentration after nerve stimulation (Fahrenkrug et al. 1978 ). The CCK secretion by VIP was atropine-resistant and similar results were observed with gastrinreleasing peptide (GRP) stimulation (Nakano et al. 1988 ). These results suggest that VIP may stimulate CCK secretion from the duodenum directly, and may work as a peptidergic neurotransmitter. Therefore, it is likely that VIP could act directly as a neural CCK-releasing substance under physiological condition, since there are plenty of VIP-immunoreactive nerves in the small intestine (Larsson et al. 1976; Fahrenkrug 1980 ). However, the stimulatory effect of VIP on CCK may not be the major factor under physiological conditions, because the effect of VIP on CCK secretion is 1/5 less than that of GRP (Nakano et al. 1988 ) at the concentration of 10-7 M. Further studies will be needed to clarify this issue by measuring both VIP and GRP concentrations in the perfusate during vagus nerve stimulation.
Besides the above-mentioned physiological effect of VIP in the CCK secretion, indirect evidence has suggested that VIP may play a role in controlling the blood flow around the CCK cells. Since in our experimental system the flow rate is constantly regulated by peristaltic pump within constant perfusion pressure, this indirect evidence may not be major factor. The secretion profile of CCK during perfusion with VIP was monophasic pattern. We suppose that this is probably due to tachyphylaxis effect.
Lastly the perfusion system through the superior mesenteric artery used in this study may be a good experimental model to examine the effects of gut hormones on duodenum as shown in this study.
